Pseudopolyps are a well described entity in the literature and even though the exact pathogenesis of their formation is not completely understood, they are considered non-neoplastic lesions originating from the mucosa after repeated periods of inflammation and ulceration associated with excessive healing processes. Their occurrence is less common in Crohn's disease than in ulcerative colitis, and their overall prevalence ranges from 4% to 74%; moreover, they are found more often in colon but have been detected in other parts of the gastrointestinal tract as well. When their size exceeds the arbitrary point of 1.5 cm, they are classified as giant pseudopolyps. Clinical evaluation should differentiate the pseudopolyps from other polypoid lesions, such as the dysplasiaassociated mass or lesion, but this situation represents an ongoing clinical challenge. Pseudopolyps can provoke complications such as bleeding or obstruction, and their management includes medical therapy, endoscopy and surgery; however, no consensus exists about the optimal treatment approach. Patients with pseudopolyps are considered at intermediate risk for colorectal cancer and regular endoscopic monitoring is recommended. Through a review of the literature, we provide here a proposed classification of the characteristics of pseudopolyps. 
INTRODUCTION
The word pseudopolyp (PP) derives from the compound pseudo, a prefix with Greek origin meaning "fake", and a second compound, polyp, which means "any projection into the intestinal lumen above the layer of mucosa" [1] . The precise pathogenesis of these "fake" polyps is not entirely understood, even though a respectable number of reports exist in the current medical literature. PPs have been described in association with ulcerative colitis (UC) as far back as 1926, although the modern identifier terminology was not used at that time [2] . Their name originated as an effort to separate them from the true neoplastic polyps, namely adenomas [3] . This review focuses on the description of the distinct characteristics of PPs, emphasizing their management and differentiation from dysplasia-associated lesion or mass (DALM) encountered in inflammatory bowel disease (IBD) patients.
LITeRaTURe ReseaRCh
To conduct this review, a search of the medical literature of the PubMed database was carried out to identify articles published up to January of 2016. Topically relevant articles were identified using the terms "pseudopolyps", "inflammatory polyps", "inflammatory pseudopolyps", "giant pseudopolyps"," post inflammatory pseudopolyps", "inflammatory bowel disease", "ulcerative colitis", "Crohn's disease", and "colonic polyps". Bibliographies of the relevant articles were manually searched to identify potentially topical supplementary references, which were retrieved and reviewed. The images provided in this review represent cases managed in our clinical division.
DeFINITIONs aND MeChaNIsMs OF FORMaTION
PPs are formed as a consequence of alternating cycles of inflammation and regeneration of the ulcerated epithelium [4] . The terms pseudopolyps [5] , inflammatory polyps [6] , post-inflammatory polyps [7] or inflammatory pseudopolyps [8] are often applied interchangeably in the literature, creating confusion. The term pseudopolyps, however, has been applied to the characterization of surviving islets of mucosa between ulcers during a severe attack, which create the impression of a polyp [9] , and of loose mucosal tags, which are formed because of severe ulceration undermining the integrity of the muscularis mucosa. In conjunction with the inflammation process and cellular infiltration of the submucosa, granulation tissue is formed, which is more intense in some focal areas, thereby producing inflammatory polyps [10] . During the healing process, which features re-epithelization and excessive regeneration, post-inflammatory polyps are formed [11] , taking their shape from the elongation of mucosal tags related to the bowel's peristaltic contractions and the stream of feces [12] . From this perspective, the postinflammatory polyps can be separated into the following categories: (1) pseudopolyps; (2) inflammatory polyps; and (3) post-inflammatory polyps.
hIsTOLOGy
Histology reveals the various aspects of inflammationacute and chronic-that occur in bowel wall, often simultaneously and parallel in neighboring areas of the colon. The first type is composed only from mucosa, which can be relatively intact or edematous, representing mucosal remnants between zones of ulceration and which, for most authors, are considered the "true'' PPs [10] ( Figure 1A ).
Inflammatory polyps consist of compact, nonepithelialized granulation tissue, representing a dense mixture of lymphocytes, plasma cells and mast cells predominantly but also includes neutrophils and eosinophils, all of which are detected as infiltrating the proper lamina of ulcerated epithelium. Postinflammatory pseudopolyps are composed of a layer of normal or slightly-hyperplastic glandular epithelium, mucosa muscularis and a submucosa core of fibrovascular tissue. However, at the bowel wall, mixed forms of these types are frequently found; for example, remnant mucosa infiltrating granulation tissue or granulation tissue at the free ends of postinflammatory polyps have been detected. The latter is due to secondary ulceration or inflammatory infiltration at the base of PPs [13] . Kelly et al [6] divided PP types into polypoid mucosal tags and mature inflammatory polyps, encompassing essentially all the previous forms, and proposed the
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term inflammatory polyp as the most appropriate for general use. Histology of the giant pseudopolyp (GPP) type of PIP is composed of multiple bands of the same elements [5] .
MORPhOLOGy aND DIsTINCT FORMs

OF PP
PPs exist in a variety of forms, including sessile, frondlike and pedunculated, and they can occur as solitary or multiple, or as diffuse or localized in distribution [9] . They also vary in size, but are usually short. When a PP exceeds 1.5 cm in size ( Figure 1B) , the term giant pseudopolyp has prevailed for their characterization [5] , with this description first appearing in the literature in 1965 [9] . A distinct form of the post-inflammatory polyps is the filiform polyps. These appear as slender, fingerlike or worm-like projections of the mucosa and submucosa, and look like a polyp stalk without a head and often with branching [14] ( Figure 1C and D). They often create a cluster, and as such are termed as localized giant pseudopolyposis [15] ( Figure 1E and F). In the literature, the term filiform polyposis often accounts for GPPs [7] . Another distinct form of the post-inflammatory polyps is the bridged PP, representing a mucosal bridge that formed from a long filiform polyp connecting to the opposite end of the lumen [16] .
LOCaTION aND DIsTRIbUTION OF PPs
PPs are more commonly encountered in large intes-tine, likely due to this tissue being affected in both UC and Crohn's disease (CD). The most common site is transverse colon and, thereafter, descending and sigmoid colon, with rectum being the least common site; moreover, PP in the rectum are usually found at the upper third region [17] . The GPPs show similar topographic occurrence [7] . However, as CD can involve the entire gastrointestinal tract, the PPs can be present throughout but have been detected less often in extracolonic regions. There is an exception to this distribution pattern for UC patients with backwash ileitis, wherein PPs have also been found at the terminal ileum [18] . There are also reports of PPs located at the esophagus [19] , stomach [20] , and different parts of the small bowel [21] , with ileum presentation predominating in the latter [22] . There is one case report of a CD patient with pansinusitis location of PP, which regressed with medical therapy [23] , and another case report of a patient with refractory pouchitis who presented with a large PP located in an affected pouch [24] .
PReVaLeNCe OF PP IN IbD
PPs are a common finding in IBD [13] . They are found more often in UC than in CD, and some authors have reported a double prevalence in UC as compared with colonic CD [25] . The reported prevalence rates vary from 4% to 74% [26, 27] , but most of the data supporting these findings was obtained from older studies that considered only UC. The most commonly reported incidence rates in UC fall within the range of 10%-20% [28] . This variation in reported prevalence can Multiple biopsies of the polyp showed lined epithelium with a core of connective tissue and vessels with inflammatory infiltration which confirmed the diagnosis of pseudopolyp; G: Multiple pseudopolyps stubble the sigmoid colon. In this case, surveillance for dysplasia-associated lesion or mass can be challenging because of the intense inflammation and the multiple pseudopolyps; H: Pseudopolyp or adenoma-like mass? Solitary polyp with 1.5 cm size and broad-based with discrete borders but without exudates, amenable to endoscopic removal and having a pale surface. Histology after removal of the polyp with electrocautery showed villous adenoma with mild dysplasia, and without dysplasia in the surrounding mucosa or elsewhere in the colon, compatible with adenoma-like mass; I: Localized postinflammatory pseudopolyps; J: Localized pseudopolyps of 0.3 cm maximum size, located in sigmoid colon with discrete borders and pale, glistering surface. Endoscopic characteristics were adequate for recognition of pseudopolyps without the need for biopsies or further intervention.
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be ascribed to miscellaneous diagnostic criteria and different populations studied [6, [9] [10] [11] 17, 19, 21, 26, (Table   1 ). For the prevalence of GPP, in particular, a review of 53 colectomised patients with GPPs found that 66.6% had CD and 33.7% had UC [12] ; however, a more recent review of 78 patients with IBDs and GPPs found a prevalence of 53.8% in UC patients, which was slightly higher than that found in CD patients (46.2%) [7] . There is similar prevalence of PPs in both sexes, and the peak overall incidence is at the ages between 20-40 years. There is no trend in increasing prevalence with extended period of history of the IBD. Specifically, Jalan et al [10] reported that 33% of patients with PP had a < 5-mo history of UC and De Dombal et al [17] reported that among 204 patients with UC, 8.8% had PP on the first flare. For cases of GPPs, Ooi et al [51] reported appearance with a median disease history of 5 years after diagnosis for UC and 6 years after diagnosis for CD; however, there was a broad variation in the times of appearance, ranging from 1 mo to 20 years for UC and from 3 mo to 37 years for CD.
CLINICaL sIGNIFICaNCe
The presence of PPs in a patient with IBD can be an indirect marker of previous episodes of severe inflammation, and their incidence rises with more extensive colitis. Although there are not any clear prognostic criteria predicting their formation, it is a common belief that intense flares and hyperplastic healing predispose to PP formation. A cornerstone study by De Dombal et al [17] , involving 465 patients with UC, has shown that 19.5% of patients with total colitis had PPs and 38% of the patients with PPs had suffered at least one episode of severe flare; in addition, 57.1% of the patients who underwent colectomy to address fulminant UC in 1956 had PP. This high prevalence can be attributable to severe active disease [32] . Teague et al [41] expressed a similar opinion, citing a PP prevalence of 41% in 48 patients with total colitis, and Jalan et al [10] reported that 31% of patients with severe UC had PP.
In regards to predicting PP formation, Babic et al [52] proposed that elevation in two of the three following Bargen et al [29] 1929 UC (n = 693) 10.0% Baars et al [30] 2012 UC (n = 171) 30.0% 44% of UC patients and 30% of CD patients with unknown status for PP CD (n = 77) 38.0% Baars et al [31] 2012 UC, CD (n = 152) 20.0% Bacon et al [32] 1956 UC (n = 84) 57.1% Colectomy specimens Bockus et al [27] 1956 UC (n = 125) 74.0% Hospitalized patients Chang et al [21] 2007 CD (n = 23) 22.0% Examined only small intestine Chawla et al [26] 1990 UC (n = 50) 4.0% Chuttani et al [33] 1967 UC (n = 46) 15.0% De Dombal et al [17] 1966 UC (n = 465) 12.5% De Felice et al [19] 2015 CD (n = 24) 4.0% Location esophagus Dukes et al [11] 1954 UC (n = 120) 10.0% Colectomy specimens Edwards et al [34] 1964 UC (n = 624) 14.9% Geboes et al [39] 1975 CD (n = 43) 16.0% Jalan et al [10] 1969 UC (n = 399) 18.7% Kelly et al [6] 1987 UC, CD (n = 86) UC: 36% Colectomy specimens CD: 17% GPP: 4.6% Lescut et al [35] 1993 CD (n = 20) 10.0% Only small intestine examined as location Luo et al [36] 2009 UC, CD (n = 34) 29.0% Pediatric population Maroo et al [37] 1974 UC (n = 122) 8.0% Modigliani et al [50] 1990
CD (n = 142) 41.0% Active colonic or ileocolonic CD Ray et al [38] 2011 UC (n = 40) 27.0% Rutter et al [44] 2004 UC (n = 136) 39.0% Control population without CRC Population with CRC Tandon et al [40] 1965 UC (n = 69) 17.6% Teague et al [41] 1975 UC (n = 150) 17.0% Teh et al [42] 1987 UC (n = 61) 21.3% Velayos et al [43] 2006 UC (n = 188) 42.0% Control population without CRC Population with CRC UC (n = 188) 56.0% Wang et al [45] 2007 UC (n = 2726) 22.0% Active UC Watts et al [46] 1966 UC (n = 169) 47.0% Surgical specimens Waugh et al [47] 1964 UC (n = 205) 5.9% Surgical specimens Wright et al [48] 1965 UC (n = 269) 10.0% Zheng et al [49] 2007 CD (n = 27) 48.0%
CD: Crohn's disease; CRC: Colorectal cancer; IBD: Inflammatory bowel disease; UC: Ulcerative colitis.
parameters-C-reactive protein, C4 and procollagen Ⅲ peptide-accompany formation of PP in UC, calculating the positive predictive value and accuracy to be as high as 90% and 93%, respectively. The existence of PP has also been linked with the occurrence of extraintestinal symptoms, specifically arthropathy [10] . Their presence in general, however, does not characterize any specific phase of IBD, as they can be found in both active and quiescent disease states, with the exception of the first form (i.e., the mucosal remnants) which are only found in active IBD [53] .
PP aND RIsK FOR COLOReCTaL CaNCeR
Patients with PP are considered to be at intermediate risk for colorectal cancer (CRC). United Kingdom guidelines suggest surveillance colonoscopy be performed at a 3-year interval [54] , European Crohn's and Colitis Organization guidelines suggest colonoscopy at 2-or 3-year intervals [55] and the American Society for Gastrointestinal Endoscopy suggests between 1-and 3-year intervals [56] . Three studies, performed by Rutter et al [44] , Velayos et al [43] and Baars et al [57] , have shown a near 2-fold increased risk of CRC in patients with previous or present PP in endoscopy (Table 2 ). In much older reports, there was a debate about the possibility of PP malignant transformation, with advocates representing both sides. Among these, Goldgraber et al [9] reported a case series of several forms of PP with some showing premalignant changes, but later analysis proved these were benign lesions, regardless of size [10, 34] . Nowadays, malignant transformation of PP is considered an extremely rare event, with only two reports of GPP harboring carcinoma or dysplasia features [11, 58] . Another case report from Klarskov et al [59] presented a carcinoma in rectum stump that had arose from serrated adenoma with a filiform form. The authors speculated that the serrated adenoma had derived from transformation of preexisting PP. A possible mechanism has been implicated by Jawad et al [60] , who reported that PP can be the source of premalignant mutations, following their analysis of DNA taken from 30 PP samples and which showed four identifiable mutations. However, more studies are needed to confirm the doubt in their benign nature.
A possible explanation about the relationship between PP and increased risk of CRC lies in the facts that they are considered markers of episodes of previous severe inflammation and that their incidence of appearance rises with the increased extent of colitis [17] , which is in turn linked to CRC. Another possible explanation is that their presence, especially if they are numerous, can obscure the capability of finding dysplastic lesions in endoscopic surveillance [43] ( Figure   1G ).
LONG-TeRM MaNaGeMeNT
Questions remain about the optimal management or follow-up strategies for PP, especially for cases with multiple PP, because no large trials have been published regarding these issues. A great matter of concern involves distinguishing them from adenomalike DALM and non-adenoma-like DALM ( Figure 1H ). The main characteristics and differences between these entities are summarized in Table 3 , and include fea- Rutter et al [44] 2004 UC with CRC (n = 68) Case-control study 1:2, documentation of PP OR = 2.29; 95%CI: 1.28-4.11 Velayos et al [43] 2006 UC with CRC (n = 188) Case-control study 1:1, history of PP OR = 2.5; 95%CI: 1.4-4.6 Baars et al [57] 2011 UC (n = 113) Case-control study 1:2 RR = 1.92; 95%CI: 1.28 -2.88 CD (n = 58) IC (n = 2) CD: Crohn's disease; CRC: Colorectal cancer; IBD: Inflammatory bowel disease; IC: Intermediate colitis; OR: Odds ratio; PP: Pseudopolyp; RR: Relative risk; UC: Ulcerative colitis. tures such as location and endoscopic appearance [61] [62] [63] [64] . Even though some diagnostic endoscopic criteria may be used for recognizing PP, they are not completely reliable [65] . There can be good inter-observer agreement for identifying PP during endoscopy in general [66] , but when it comes to distinguishing PP from other dysplastic lesions, the efficiency falls. Farraye et al [63] performed an internet-based study and found that gastroenterologists with non-IBD-specialized expertise had lower capability of distinguishing different forms of lesions in IBD patients.
There is a general acceptance that if PP are adequately recognized using endoscopic criteria and do not provoke any complications, no removal is considered obligatory [63] ( Figure 1I and J). However, it is considered mandatory that the surface of any PP be surveyed adequately during endoscopy. In older reports, especially of cases with large PP, surgical intervention was frequently performed for the removal, due to confusion with CRC or villous adenoma and related to the more common use of radiological approaches, such as barium enema, for diagnosis and monitoring [67] . Nowadays, however, endoscopic surveillance is more effective than surgical intervention [51] . Chromo-endoscopy might aid in differential diagnosis, since PPs (as non-neoplastic polyps) show Kudo's pattern classification of type Ⅱ [68] . In another study by Koinuma et al [69] , magnifying endoscopy was demonstrated as a useful tool for distinguishing neoplastic from non-neoplastic lesions, reducing the amount of biopsies needed; however, the efficacy of this technique for studying the underlying inflammatory process was shown to be limited by the presence of multiple PPs [65] . In another study, 165 patients with long-standing UC were divided and randomized for endoscopic surveillance by means of either conventional endoscopy (with biopsies every 10 cm) or chromo-endoscopy (with 0.1% methylene blue); there were two false-negative results that were not identified by the chromo-endoscopy procedure, for which non-targeted biopsies from colons with multiple PP proved to contain dysplasia [70] . Nevertheless, in cases where there is either doubt about the diagnosis of PP, suspicion of DALM or largesize PP, or presence of multiple PP wherein endoscopic surveillance is compromised, multiple biopsies should be obtained in repeated examinations [56, 71] or proceeding the endoscopic or surgical removal, with surrounding tissue examination by biopsy as well [72] . In the same context, the discovery of PP in a patient with IBD, without evidence of suspicious lesions in endoscopy and in which the presence of PP does not obstruct adequate endoscopic surveillance of the mucosa, should not urge gastroenterologists towards more intense endoscopic follow-up. Neither should it discourage them from the use of chromoendoscopy for surveillance in any manner other than those proposed in the various guidelines (with an approximate 3-year interval), and certainly not in a different way than would be performed in patients without PPs [54] [55] [56] . As mentioned before, CRC derived from PP is a rare event and occurrence of PP has not been linked with early CRC [30] . Therefore, screening for CRC in all patients with PP is not recommended before 8-10 years after onset of symptoms [54] [55] [56] .
COMPLICaTIONs
In rare instances, PP can provoke serious complications, and physicians should be aware of these. Many reports have appeared regarding this issue for cases of GPP. Maggs et al [7] reviewed 78 patients with GPP, among which 15% were complicated with obstruction and sub-obstruction and 3% with intussusception of mechanical etiology due to the large size. In patients with CD, obstruction can occur in the small intestine with PP. In addition, GPPs can produce symptoms similar to IBD, such as bloating, diarrhea and abdominal pain. In that same review, from among the total of 25 patients with inactive disease, 11 had symptoms that regressed after removal of the GPP. Yet, it is important to emphasize that, even in cases of PP, the onset or persistence of symptoms cannot always be attributed to flare or activity of IBD. There are reports of patients with generalized PP suffering from protein-losing enteropathy and pulmonary embolism, with the possible mechanism being extreme gastrointestinal losses due to the extensive inflamed surface area [73] ; other complications include bleeding [74] , iron deficiency anemia [75] and dysphagia [76] .
TReaTMeNT
Treatment can be categorized as medical, endoscopic and surgical. Most reports dealing with complications have presented the use of interventional methods, but the majority of these are case reports. Medical treatment has been used for PP and shown to induce regression. Choi et al [71] reported regression of GPP in patients with IBD upon administration of mesalazine and azathioprine. Infliximab has also been shown to induce regression of PP in CD [77] . Topical enema with budenoside use was also reported to induce remission and control of minor bleeding of PP in sigmoid colon [78] . Endoscopic procedures such as argon plasma coagulation [79] , endoscopic loop polypectomy [80] , and ablation with yttrium aluminium garnet (commonly referred to as YAG) laser have been reported for control of bleeding provoked by ulcerated PP [81] .
Endoscopic resection with electrocautery is another effective means reported for removing either symptomatic PPs or PPs of which their benign nature was not able to be established only with endoscopic criteria and which need further histological evaluation [82] . Surgical methods are used when endoscopic therapy fails to manage complicated PP, for example in lower gastrointestinal bleeding or when obstructing phenomena, such as luminal obliteration or intussusception, occur [67] . The various surgical procedures range from segmental dissection to hemicolectomy [83] , depending on the cause. However, with the recent advances in endoscopic treatment, the need for a surgical approach has lessened over time.
CONCLUsION
We have reviewed the main aspects regarding PPs and their pathogenesis, management and differentiation from DALM in IBD. Further research can focus on prognostic factors related to their formation. Another interesting subject for clarification is the relationship and comparison between different medical treatments and the possibility of reducing PP prevalence with the additional aim of changing the natural history of IBD.
A key question that remains is: Is the presence of PP a marker of more aggressive IBD with more flares? Theoretically, the answer is positive, accepting the fact that PPs are a result of severe attack. However, that answer leaves open the next question as to whether these patients are indeed suffering from more flares. In addition, it remains unknown whether the newer biological agents and intensified medical therapy, which potentially reduce PP formation, correspond to a decline in CRC risk. We believe that in order to facilitate the management of patients with PP and promote future research on this clinical topic, better documentation of characteristics of pseudopolyps in patients with PP is needed. To this end, Table 4 summarizes the information on descriptions of the characteristics of PPs, which we recommend should be documented when a patient with PPs is encountered. 
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